We present a characterization of the new Volans-Carina Association (VCA) of stars near the Galactic plane (b -10°) at a distance of 75-100 pc, previously identified as group 30 by Oh et al. (2017) . We compile a list of 19 likely members from Gaia DR2 with spectral types B8-M2, and 46 additional candidate members from Gaia DR2, 2MASS and AllWISE with spectral types A0-M9 that require further follow-up for confirmation. We find an isochronal age of 89 +5 −7 Myr based on MIST isochrones calibrated with Pleiades members. This new association of stars is slightly younger than the Pleiades, with less members but located at a closer distance, making its members 3 times as bright than those of the Pleiades on average. It is located further than members of the AB Doradus moving group which have a similar age, but it is more compact on the sky which makes it less prone to contamination from random field interlopers. Its members will be useful benchmarks to understand the fundamental properties of stars, brown dwarfs and exoplanets at 90 Myr. We also provide an updated version of the BANYAN Σ Bayesian classification tool that includes the Volans-Carina association.
INTRODUCTION
The Gaia mission (Gaia Collaboration et al. 2016 ) is reshaping our understanding of the Solar neighborhood and the Milky Way kinematics. The Data Release 1 of the Gaia mission (Lindegren et al. 2016 ) on 2016 September 14 published precise parallaxes ( 0.3 mas) and proper motions for 2 million stars in the Tycho-2 catalog (Høg et al. 2000) , more than a factor two improvement over the Hipparcos mission ( 1 mas; Perryman et al. 1997; van Leeuwen 2007) that was still widely used to characterize stars and young associations in the Solar neighborhood (e.g., Zuckerman & Song 2004; Torres et al. 2008) . The first data release already led to the discovery of several new pairs and larger groups of co-moving stars (e.g., Andrews et al. 2017; Oelkers et al. 2017; Oh et al. 2017) . The Data Release 2 of Gaia (Gaia DR2 hereafter; Gaia Collaboration et al. 2018;  jgagne@carnegiescience.edu Lindegren et al. 2018) 1 published 1.3 billion trigonometric distances and 7.2 million radial velocities on 2018 April 25 with a precision 100 times better than that of Hipparcos, and is instigating a revolution in stellar astronomy, among other fields.
The new ensembles of co-moving stars identified by Oh et al. (2017) include group 30, consisting of 8 stars at a distance of 80-90 pc with similar sky positions and proper motions. This group was further vetted by Faherty et al. (2018) where they performed a comprehensive check of the 4 555 groups identified by Oh et al. (2017) and found that group 30 was a new coeval association within 100 pc with an age similar to the Pleiades (112 ± 5 Myr; Dahm 2015) based on its color-magnitude diagram and the X-ray properties of a single member. Projections in Galactic position XY Z and space velocities U V W of the Volans-Carina association members (black circles) compared to 1 to 3σ contours of the BANYAN Σ multivariate Gaussian models (orange lines). Over-densities and under-densities of the data with respect to the Gaussian models are designated with blue and green shaded regions, respectively. The 1-dimensional panels show histograms of the members (green bars) compared to the projected 1σ model contour (orange lines) and a kernel density estimate of the members distribution (black lines). See Section 3 for more detail.
The reason why this group had not been identified before is likely because its members are close to the Galactic plane (b = −10 ± 1°). In this paper, we use Gaia DR2 data to characterize this new association of stars and compile a more complete list of members and candidate members.
The 8 stars in group 30 are located in the Carina constellation, however there are already two associations of stars named after this constellation (the Carina-Near moving group; Zuckerman et al. 2006 ; and the Carina association; Torres et al. 2008 ). We will show in this paper that 6 new candidate members of this group not initially identified by Oh et al. (2017) are located in the Volans constellation. We will therefore refer to group 30 as the Volans-Carina Association ("VCA" or "Vol-Car"). a Spectral types between parentheses were estimated from the absolute Gaia G-band magnitude with the method described in Section 4. b J2000 position at epoch 2015 from the Gaia DR2 catalog.
c Sources for inclusion in the list of members: (1) original list from Oh et al. 2017 ; (2) XY ZU V W box search in Gaia DR2; and (3) box search in observables without radial velocity in Gaia DR2. d References for spectral types.
e Gaia DR2 absolute G magnitude versus G − GRP color is consistent with an unresolved binary.
References-(1) Garrison & Gray 1994; (2) Houk & Cowley 1975; (3) Nesterov et al. 1995; (4) Riaz et al. 2006. An initial list of Volans-Carina members is compiled in Section 2. In Section 3, we build a kinematic model of Volans-Carina based on the Oh et al. (2017) compilation of members and include it in the BANYAN Σ Bayesian classification algorithm . We use this updated version of BANYAN Σ to identify additional members and candidate members based on Gaia DR2, 2MASS and AllWISE in Section 4. In Section 5, we investigate the age of the Volans-Carina association, the chromospheric activity of its members, and we build its preliminary present-day mass function. We conclude in Section 6. Oh et al. (2017) identified a list of 8 co-moving Gaia DR1 stars in Volans-Carina, which they designated as group 30. Faherty et al. (2018) verified that the stars from group 30 filled out a logical sequence in a colormagnitude diagram, confirmed this association as newly identified within 100 pc, and found one of its members (HIP 47017 or HD 83359) to be detected in ROSAT. In Section 4 we will use the BANYAN Σ Bayesian classification algorithm to uncover new members with Gaia DR2, 2MASS (Skrutskie et al. 2006) and AllWISE (Wright et al. 2010; Kirkpatrick et al. 2014 ).
IDENTIFICATION OF THE VOLANS-CARINA ASSOCIATION
Before building a kinematic model of Volans-Carina and including it in BANYAN Σ, we searched Gaia DR2 for any obvious additional members will full kinematics.
We cross-matched the Oh et al. (2017) list of group 30 stars with Gaia DR2 and calculated the average Galactic positions XY Z and space velocities U V W of the 5 members that have a radial velocity measurement provided by Gaia DR2 2 . We find average values of XY Z = (22, −80, −15) pc and U V W = (−16.0, −27.9, −0.7) km s −1 . The XY ZU V W positions of all Gaia DR2 entries within 125 pc of the Sun with radial velocity measurements were calculated similarly, which allowed us to identify 13 new objects within 4 km s −1 (in U V W ) and 15 pc (in XY Z) that we included in our list of members. This search also recovered the 8 members of Oh et al. (2017) in addition to the 13 new objects. We also recovered two A/F-type stars (HD 83523 and HD 83946) that were previously identified by Shaya & Olling (2011) as co-moving with the Oh et al. (2017) group 30 member HD 83359.
We recovered one additional member of Volans-Carina by doing a similar box search in Gaia DR2 that did not require a radial velocity measurement directly in the Gaia DR2 catalog. To do so, we calculated the average sky position (α = 145.9°, δ = −66.1°), proper motion (µ α cos δ = −37.5 mas yr −1 , µ δ = 43.6 mas yr −1 ), radial velocity (22.3 km s −1 ) and parallax (11.8 mas) of the members by weighting individual measurements with the squared inverse of their error bars. We then identified any object in the 125 pc Gaia DR2 sample within 10 degrees, 10 mas yr −1 in both directions of proper motion, and 3 mas in parallax. The 160 resulting objects were cross-matched with SIMBAD (Ochsenbein et al. 2000) to verify whether they have radial velocity measurements in the literature. Only 3 objects (TYC 9205-1922-1, c Car and HD 83523) . BANYAN Σ uses the sky position, proper motion and optionally radial velocity and/or distance of a star to compare it with the kinematic models of 27 young associations within 150 pc of the Sun, excluding VolansCarina, and a model of the field stars within 300 pc. The kinematic models are composed of one multivariate Gaussian in XY ZU V W space for each group, or a mixture of 10 multivariate Gaussians for the field. We used the method described in Section 5 of to fit a single multivariate Gaussian to the XY ZU V W distribution of Volans-Carina members listed in Table 3 . The BANYAN Σ tool itself is not used to build the kinematic models, but instead will rely on the model to calculate membership probabilities.
The resulting central position for the Volans-Carina model in XY ZU V W space is: 
The 1σ contours of the Gaussian model projected on the XY ZU V W axes are the square root of the diagonal elements ofΣ, and the off-diagonal elements ofΣ represent the covariances in the distribution of members in 6-dimensional space.
The construction of BANYAN Σ kinematic models also includes a Monte Carlo calculation (see Section 7 of where 10 7 random synthetic stars are drawn and where a Bayesian prior is adjusted such that 50%, 68%, 82% or 90% of the true members are recovered with a Bayesian probability P > 90% when the input measurements include (1) sky position and proper motion only, (2) sky position, proper motion and radial velocity, (3) sky position, proper motion and parallax, or (4) sky position, proper motion, radial velocity and parallax, respectively. This is done to make BANYAN Σ easier to use with a single probability threshold that generates a fixed recovery rate of true members across all associations. We found the following values for the natural logarithm of these Bayesian priors for Volans-Carina (referred to as ln α k in in the order corresponding to the scenarios of input data described above:
Other relevant characteristics of Volans-Carina are listed in Table 2 , and its new model was included in version 1.2 of BANYAN Σ in both the IDL and Python versions of the algorithm 3 , where the Volans-Carina association is abbreviated as VCA.
COMPLETING THE CENSUS OF CANDIDATE MEMBERS
In this Section, we use the BANYAN Σ Bayesian classifier algorithm to identify additional candidate members of the Volans-Carina association. We perform two separate searches: the first one is based on the full Gaia DR2 nearest 125 pc sample, and is appropriate to identify the previously missing stellar members of Volans-Carina, especially among the Gaia DR2 entries that do not have a radial velocity measurement. The second search is based on a cross-match of the 2MASS (Skrutskie et al. 2006) and AllWISE (Wright et al. 2010; Kirkpatrick et al. 2014 ) surveys, and is appropriate to identify the substellar members too faint to be detected in Gaia DR2. 09:37:00 ± 2.7° Decl.
A Gaia DR2 Search for Stellar Members
-65:18:00 ± 2.8° µα cos δ (mas yr
a The spatial and kinematic sizes are defined as the radius of a sphere that would have the same volume as the 1σ contour of the XY Z or U V W projections of the 6-dimensional BANYAN Σ kinematic model.
Note-All average values X are obtained with a weighted average of the individual measurements of the members listed in Table 1, and their error bars are obtained with an un-biased weighted standard deviation. In both cases, the weights are set to the squared of the individual inverse error bars. The error bars are representative of the intrinsic scatter, not an error on the average. See for more details.
The 1 427 111 Gaia DR2 entries within 125 pc 4 were analyzed with the BANYAN Σ Bayesian classification algorithm to identify additional candidate members of the Volans-Carina association. The 58 entries with Volans-Carina Bayesian membership probabilities above 90% and a predicted U V W position within 5 km s −1 of the locus of Volans-Carina members were selected.
The spectral types of the new candidate members recovered here were estimated based on their absolute Gaia DR2 G-band magnitude with the relations of , and they are reported in Table 4 with the list of candidate members. 
A 2MASS-AllWISE Search for Substellar Members
We selected all 2MASS and AllWISE entries located between 127
• < α < -155
• .5 and -72
• , and performed a cross-match where each 2MASS entry was paired with its nearest AllWISE neighbor. A proper motion was then calculated for each of these 5 136 857 matches based on the 2MASS and AllWISE astrometries, with the method described by Gagné et al. (2015) . The sky positions and proper motions of all matches were analyzed with the BANYAN Σ classification algorithm, and the 2 927 entries with a Bayesian probability above 90% and located at minimum distance of less than 5 km s −1 from the locus of Volans-Carina members in U V W space were selected for further consideration.
All resulting 2MASS entries were cross-matched with Gaia DR2 by projecting back the Gaia entries at epoch 2000 (using the sky positions and proper motions of Gaia DR2) with a cross-match radius of 2 . All 2 884 matches in Gaia DR2 with parallaxes were rejected because they were already investigated in Section 4.1. A visual inspection of near-infrared color-magnitude diagrams at the average distance of Volans-Carina (86 pc) for the 43 remaining candidate members allowed us to reject 29 of them that have photometric properties inconsistent with substellar objects of either young or field ages (i.e., those with W 1−W 2 < 0.1 and M W 1 > 8.5; or those with J − K S < 0.8 were rejected; see Kirkpatrick et al. 2011; Dupuy & Liu 2012; Faherty et al. 2016) .
The Digitized Sky Survey, 2MASS and WISE images of the remaining sources were inspected, allowing us to reject an additional 11/14 that were bright at Figure 3 . Gaia absolute G versus G − GRP magnitude for the 100 pc sample of high-quality parallaxes in Gaia DR2 (black dots) compared to the proposed members and candidate members of the Volans-Carina association (red empty circles). See Section 4 for more detail.
visible wavelengths, extended sources or clearly contaminated by neighbors. Such rejection criteria are typical of brown dwarf surveys (e.g., Kirkpatrick et al. 2011; Robert et al. 2016 ), and we rely on them because our 2MASS-AllWISE candidates not in Gaia DR2 have colors typical of substellar objects. The first two criteria are especially useful to distinguish nearby substellar objects from distant extragalactic contaminants, which can otherwise have similar near-infrared colors. The remaining three objects (2MASS J09254243-6408524, 2MASS J09285886-6541371 and 2MASS J09374003-6226201) are listed in Table 4 and have respective spectral type estimates M7, M9 and M6 based on their absolute K S -band magnitudes at the average distance of Volans-Carina compared with the spectral typeabsolute magnitude relations of Faherty et al. (2016) . A spectroscopic follow-up will be needed to confirm their substellar nature, and measure their radial velocities and spectroscopic signs of youth to confirm their membership in the Volans-Carina association.
DISCUSSION
In this Section, we investigate the fundamental properties of the Volans-Carina members, including their age (Section 5.1), chromospheric activity (Section 5.2) and present-day mass function (Section 5.3). We also discuss a white dwarf interloper that has a cooling age that is too old for it to be a member of Volans-Carina (Section 5.4), and the similarity between the age and kinematics of Volans-Carina and the Platais 8 association (Section 5.5). 
The Age of the Volans-Carina Association
We used a Bayesian method to determine a probability density for the age of Volans-Carina, based on the fiducial MIST solar-metallicity model isochrones of Choi et al. (2016) that include stellar rotation (v = 0.4v crit ) and were generated with the revised Gaia DR2 photometric zero points of Evans et al. (2018a) 5 . It is well known that the model-derived bolometric corrections as a function of effective temperature have systematic biases that depend on spectral types and surface gravity (i.e., mass and age). Therefore, relying on the models without calibration would generate biased ages (e.g., see Bell et al. 2015) . Additional potential causes of systematic errors include the effect of magnetic fields that inflate the radius of young low-mass stars (e.g., see Malo et al. 2014b; Feiden 2016 ) and the effect of increased chromospheric activity on the colors of K-and possibly later-type dwarfs (Stauffer et al. 2003) .
One way to circumvent these systematic biases is to use associations with a well-calibrated age to apply color corrections on the model isochrones, however in general this still requires assumptions on how these corrections depend on age. Fortunately, the members of Volans-Carina form a sequence that is remarkably close to that of the Pleiades (112 ± 5 Myr; Dahm 2015) in color-magnitude diagrams (e.g., see Figure 4 ), which indicates that the two associations have a similar age. We can therefore derive an absolute magnitude-dependent color correction of the model isochrones based on the Pleiades members that will be valid for ages in the vicinity 112 Myr. Model isochrones at very different ages will yield small probabilities of matching all members of Volans-Carina, and therefore applying an age-dependence on the Pleiades-derived color correction would only have a small effect on our age determination.
Members of the Pleiades were de-reddened with the relation of Taylor (2008); i.e., E(B − V ) = 0.057 ± 0.008 mag for R.A. < 56.819°, and E(B − V ) = 0.034 ± 0.011 mag otherwise. The reddening map of Capitanio et al. (2017) and the distance and position of VCA indicates a reddening of E(B − V ) = 0.009 ± 0.016 mag. We also identified 5 stars 6 in the reddening catalog of Reis et al. (2011) in the direction of VCA at distances 26-112 pc. All of them have a negligible reddening within the error bars, consistent with the reddening map of Capitanio et al. (2017) . We therefore consider that the Figure 4 . Gaia absolute G versus G − GRP magnitude for members of Volans-Carina (blue leftward triangles) and the Pleiades (red circles) compared to the 112 Myr solar-metallicity MIST isochrone (dashed gray line), and the empirically corrected isochrone (thick black line). The 1σ uncertainties in the corrected isochrone resulting from the intrinsic spread in the Pleiades members are displayed as thin gray lines, and the potential unresolved multiples are marked with green squares. Members of the Pleiades were de-reddened with the relation of Taylor (2008) , and the over-luminous Pleiades members that likely correspond to multiple systems were removed. Members of Volans-Carina have negligible reddening. The sequence formed by the members of VolansCarina is similar to that of the Pleiades members, indicating that the two associations are likely coeval. See Section 5.1 for more detail.
members of VCA are subject to a negligible amount of reddening from interstellar extinction.
The Q-method de-reddening calibration for dwarf stars from Pecaut & Mamajek (2013) is inappropriate for c Car as the star is a supergiant (B8 II with Mn metallic lines; Garrison & Gray 1994) , and has been classified by other authors since the 1950s as class II or III (B8 III; Cucchiaro et al. 1977; B8 II; de Vaucouleurs 1957) . Gutierrez-Moreno (1979) shows that the there is considerable spread in intrinsic (U − B) and (B − V ) colors between supergiants and giants, however the Johnson colors or c Car (U − B = −0.440 ± 0.006, B−V = −0.103±0.005; Mermilliod & Mermilliod 1994 7 ) appear to be consistent with a negligibly reddened star with type between B7 and B8 and luminosity class II and III. Philip & Egret (1980) dereddened the uvby photometry and estimated color excess of E(b − y) = 0.009, consistent with A v = 0.04 following the calibration of Glaspey (1971) .
In Figure 5 , we show deviations in the G − G RP colors of Pleiades members compared to the 112 Myr MIST isochrone, as a function of absolute G-band magnitude.
We used a sliding weighted average to derive a color correction in steps of 0.5 mag and a running box width of 1 mag. We used weights proportional to the squared inverse of the error bars on the colors of individual members. A 1σ error bar was also calculated at each point of the sequence by using a sliding un-biased weighted standard deviation 8 with the same weights and box width.
The average color correction and its error bars were then smoothed with a sliding average using a box width of 3 array elements. The resulting color correction is displayed in Figure 5 , and is only valid for the Gaia DR2 absolute G-band versus G − G RP color-magnitude diagram, for stars with colors in the range −0.18..1.37 mag and absolute magnitudes in the range −2..12.6 mag. a Spectral types between parentheses are photometric spectral types were estimated from the absolute Gaia G-band magnitude. Other spectral types reported in this table are from Houk & Cowley (1975) .
b J2000 position at epoch 2015 from the Gaia DR2 catalog.
c Bayesian probability for Volans-Carina membership obtained with BANYAN Σ.
d Gaia DR2 absolute G magnitude versus G − GRP color is consistent with an unresolved binary.
e Gaia DR2 absolute G magnitude versus G − GRP color is consistent with an unresolved triple.
f Gaia DR2 absolute G magnitude versus G − GRP color is consistent with an unresolved quadruple.
Note-All objects with a parallax measurement have their proper motion and parallax measurements from Lindegren et al. (2018) . All objects without parallax measurements have their proper motion measurements from a combination of 2MASS and AllWISE (e.g., see the method of Gagné et al. 2015) . We used the empirical color correction displayed in Figure 5 to correct all MIST isochrones and we built an age probability density function for both the Pleiades and Volans-Carina, using all members listed in Table 5 (but excluding 4 over-luminous members (HD 83359, J0917-6628, J0926-6236 and HD 309681) that are likely multiple systems, see Figure 4 ) with the method described by . In summary, the minimum N σ distance is calculated between a star and each corrected MIST model isochrone (excluding giant phases) in color-magnitude space, where σ are the measurement errors for the star in color and absolute magnitude. The N σ distance is translated to a probability density function by assuming that the measurement errors are Gaussian, and the probability density functions of all association members are multiplied to obtain a final probability density for the age of the association as a whole. In this analysis, we also included the error bars on the color correction in the N σ calculations, which means that the uncertainty caused by the intrinsic spread of Pleiades members in this color-magnitude space is taken into account.
The resulting age probability density functions are displayed in Figure 6 for the Pleiades and Volans-Carina. We find a Pleiades age of 105 +13 −9 Myr consistent with our initial assumption of 112 ± 5 Myr, and we find an age of 89 +5 −7 Myr for Volans-Carina. This age is consistent with the determination of Faherty et al. (2018) based on a Gaia DR1 absolute G versus Gaia-2MASS G − J color-magnitude diagram and X-ray properties of its 8 members identified by Oh et al. (2017) . Future age determinations based on the lithium depletion boundary will be useful to confirm our age measurement. At the Figure 6 . Age probability density function for Volans (black line) and the Pleiades (blue line) derived with our comparison to empirically corrected MIST isochrones. The age of the Pleiades (112 ± 5 Myr) that was assumed to correct the MIST isochrones is displayed with green dashed and dotdashed lines. We find an age of 89 +5 −7 Myr for Volans-Carina. See Section 5.1 for more detail.
age of the Pleiades, the lithium depletion boundary is expected to happen at spectral types M6-M7 (Dahm 2015) . There are 4 candidate members listed in Table 4 with estimated spectral types that fall in this range.
In Figure 7 , we show the global properties of VolansCarina compared to other young associations within 150 pc of the Sun. Volans-Carina fills a space unoccupied by any other association in the age-distance plane, which presents the opportunity to study a 90 Myr-old population brighter than the Pleiades, but not nearby enough that its members are spread on a large region of the sky.
Chromospheric Activity
Young stars have stronger chromospheric activity compared to their field-aged counterparts, which translates into stronger and more variable Hα emission (e.g., Schmidt et al. 2007 ), more frequent flares (e.g., Hilton et al. 2010) and stronger emission at UV and X-ray wavelengths (e.g., Kastner et al. 2003; Rodriguez et al. 2011 Rodriguez et al. , 2013 Malo et al. 2014a ). This stronger level of chromospheric activity is correlated with faster rotation rates (e.g., see Messina et al. 2010) , as rotation drives stellar dynamos (e.g., Charbonneau 2010; Reiners et al. 2012) .
We cross-matched our sample of members and candidate members with the ROSAT all-sky survey (Boller et al. 2016 ) and the GALEX catalog (Martin et al. 2005) and found that 5 of them have entries in one or both of the catalogs. We compared the X-ray and UV emission properties of these stars with those of field stars and members of young associations compiled by in Figures 8 and 9 . All 5 stars have emission levels typical for ages younger than a few hundred Myr, consistent with our age determination in Section 5.1.
Present-Day Mass Function
In this section we construct a preliminary present-day mass function for the Volans-Carina association, based only on the members with a parallax mesurement in Gaia DR2. The analysis presented here does not include errors on the model-derived masses or small number statistics Poisson error bars -A more detailed measurement will be done after a spectroscopic confirmation of all Volans-Carina members presented here.
We calculated a preliminary present-day mass function of the Volans-Carina association by comparing the 58 candidate members in Table 5 with the empirically corrected MIST isochrone track discussed in Section 5.1. The mass of each star was assigned with the point on the model track at the closest N σ separation in a G versus Figure 8 . ROSAT X-ray luminosity of Volans-Carina Mtype candidate members compared to the Malo et al. (2014a) compilations and the new candidate members of young associations identified by . The two Volans-Carina objects detected in ROSAT have a level of X-ray emission consistent with the age derived here. See Section 5.2 for more detail. Figure 9 . GALEX -Gaia N U V − G color as a function of Gaia G − GRP colors of field stars (black circles), members of young associations (compiled by ; purple leftward triangles) and candidate members of Volans-Carina detected in GALEX (red upward triangles). None of the new candidate members of Volans-Carina listed in Table 4 are detected in GALEX. The Volans-Carina candidate members have N U V − G colors bluer than the field sequence, which is indicative of strong chromospheric activity and consistent with a young age. See Section 5.2 for more detail.
G − G RP color-magnitude diagram. This N σ separation is calculated using the error of the G − G RP color and the absolute G-band measurement, as well as the error on the empirical color correction discussed in Section 5.1. The eight candidates with colors redder than the full MIST sequence were ignored, and they likely correspond to stars with masses below 0.1 M . Their spectral types are in the range M6-M9. We refrain from using less reliable substellar cooling tracks to estimate the masses of these redder objects until a deeper survey focused on the Volans-Carina brown dwarfs allows us to uncover additional such low-mass objects.
The resulting present-day mass function is displayed in Figure 10 , with a fiducial log-normal initial mass function (σ = 0.5 dex, m c = 0.25 M ; Bochanski et al. 2010) anchored on the members with masses 1-3 M . Our preliminary present-day mass function is well represented by a log-normal distribution in the range ≥ 0.2 M , indicating that our census of Volans-Carina members is likely near completion in this range of masses.
If we assume that the fiducial log-normal present-day mass function remains valid down to the lowest-mass brown dwarfs, we estimate a total stellar and substellar population of 120 members in Volans-Carina. Counting all candidate members not in Gaia DR2 or otherwise excluded from our determination of the present-day mass function, around 40 members would remain to be discovered, 75% of which would be in the substellar regime. These missing objects are likely too faint to be in Gaia DR2.
A White Dwarf Interloper
An inspection of the Gaia DR2 entries in the vicinity of Volans-Carina that share similar proper motions revealed one potential white dwarf member (Gaia DR2 5298305642425782528, J0852-6143 hereafter), located at J2000 coordinates 8 h 52 m 40 s .39, -61°43 46. 4 at epoch 2015. However, this object only obtains a 19.7% Volans-Carina membership probability based on BANYAN Σ.
We compared J0852-6143 with the Fontaine et al. (2001) white dwarf cooling tracks 9 (see also Holberg & Bergeron 2006; Kowalski & Saumon 2006; Tremblay et al. 2011; Bergeron et al. 2011 ) in a Gaia DR2 absolute G magnitude versus G BP − G RP color-magnitude diagram (see Figure 11) to construct a probability density function of its mass, age and temperature. We used unit priors on all parameters, and compared J0852-6143 to the models with pure hydrogen (thin and thick) and pure helium atmospheres.
We calculated its most probable age, T eff and mass by marginalizing over all other dimensions (including the atmospheric composition), and found an age of 3-8 Gyr, a mass of 0.15 M and T eff = 3000 +500 −800 K. The extremely low mass of this white dwarf is also indicative that it is likely a more massive, older and slightly cooler double-degenerate binary. Given that the age of J0852-6143 is safely much older than that of Volans-Carina, we reject it as a candidate member. Based on our selection criteria and the Monte Carlo analysis of Section 8) , we expect less than one additional such interloper in our list of members and candidate members presented in Table 4 .
Is Volans-Carina Related to Other Known
Associations?
Despite its similar age to the Pleiades association and the AB Doradus moving group, the average U V W space velocities of the Volans-Carina members with full kinematics (U = −16.1±0.9 km s −1 , V = −28.4±1.1 km s −1 , W = −1.1 ± 1.2 km s −1 ) are different from those of the Pleiades (U = −6.4 ± 1.9 km s −1 , V = −28.7 ± 0.7 km s −1 , W = −14.1 ± 1.1 km s −1 ) and the AB Doradus moving group (U = −7.7 ± 0.8 km s −1 , V = −27.8 ± 0.7 km s −1 , W = −15.3 ± 1.8 km s −1 ) in the U and W directions. Both the spatial and kinematic sizes of Volans-Carina (reported in Table 2 ) are typical of other nearby associations such as the Pleiades and Figure 11 . Color-magnitude position of the white dwarf J0852-6143 (red star) compared to the 100 pc sample of Gaia DR2 white dwarfs (black circles) and isochrones calculated from the cooling tracks of Fontaine et al. (2001) . J0852-6143 is older than 3 Gyr, regardless of its atmospheric composition. See Section 5.4 for more detail.
Hyades (see panels c and d of Figure 3 in . Its spatial size is slightly smaller than the typical sizes of the looser nearby young moving groups such as Tucana-Horologium, β Pictoris and AB Doradus (∼ 10-20 pc) although its kinematic size is comparable to them.
Comparing the center of the BANYAN Σ VolansCarina model in U V W space to those of the other 27 associations included in the algorithm (see , we find that the closest known association in U V W space is the slightly younger ( 60 Myr; Platais et al. 1998) Platais 8 10 , located at 8 km s −1 from VolansCarina in U V W space, and 46 pc in XY Z space. Both associations are spatially much smaller than the physical separation between the two groups (5.0 pc and 4.4 pc respectively for Platais 8 and Volans-Carina), but their relative proximity and similar ages and kinematics indicates that the two groups may correspond to two starformation events that originally took place in the same complex of molecular clouds.
CONCLUSIONS
We present a characterization of the young VolansCarina association, identified as 'Group 30', a group of 8 co-moving stars by Oh et al. (2017) and Faherty et al. (2018) . We find 11 additional high-likelihood members with Gaia DR2, and we use the MIST isochrones an-chored on the Pleiades to determine an age of 89 +5 −7 Myr for Volans-Carina. We build a kinematic model of its members in XY ZU V W space and include it in the BANYAN Σ Bayesian classification tool to identify 43 additional candidate members with estimated spectral types in the range A0-M9 in Gaia DR2, and 3 with estimated spectral types in the range M6-M9 in 2MASS and AllWISE.
We find that the present-day mass function of VolansCarina follows a fiducial log-normal distribution and seems complete for masses above 0.2 M , and we estimate that 40 additional members, mostly brown dwarfs, remain to be discovered in the association. Brown dwarfs in Volans-Carina with spectral types L1 are too faint to be detected in 2MASS, but the members with spectral types up to L6 should be detected in the WISE W 2 band. Proper motion surveys based on only WISE such as Backyard Worlds: Planet 9 (Kuchner et al. 2017) will be needed to identify them.
We thank the anonymous referee for valuable suggestions. We thank Ricky L. Smart, Pierre Bergeron and Amélie Simon for useful comments, and Pierre Bergeron for sending white dwarf model tracks in the Gaia DR2 passbands. This research made use of: the SIMBAD database and VizieR catalog access tool, operated at the Centre de Données astronomiques de Strasbourg, France (Ochsenbein et al. 2000) ; data products from the Two Micron All Sky Survey (2MASS ; Skrutskie et al. 2006) , which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center (IPAC)/California Institute of Technology (Caltech), funded by the National Aeronautics and Space Administration (NASA) and the National Science Foundation (Skrutskie et al. 2006) ; data products from the Wide-field Infrared Survey Explorer (WISE ; and Wright et al. 2010) , which is a joint project of the University of California, Los Angeles, and the Jet Propulsion Laboratory (JPL)/Caltech, funded by NASA. The Digitized Sky Surveys were produced at the Space Telescope Science Institute under U.S. Government grant NAG W-2166. The images of these surveys are based on photographic data obtained using the Oschin Schmidt Telescope on Palomar Mountain and the UK Schmidt Telescope. The plates were processed into the present compressed digital form with the permission of these institutions. The Second Palomar Observatory Sky Survey (POSS-II) was made by the California Institute of Technology with funds from the National Science Foundation, the National Geographic Society, the Sloan Foundation, the Samuel Oschin Foundation, and the Eastman Kodak Corporation. The Oschin Schmidt Telescope is operated by the California Institute of Technology and Palomar Observatory. This work presents results from the European Space Agency (ESA) space mission Gaia. Gaia data are being processed by the Gaia Data Processing and Analysis Consortium (DPAC). Funding for the DPAC is provided by national institutions, in particular the institutions participating in the Gaia MultiLateral Agreement (MLA). The Gaia mission website is https://www.cosmos.esa.int/gaia. The Gaia archive website is https://archives.esac.esa.int/gaia. This research was started at the NYC Gaia DR2 Workshop at the Center for Computational Astrophysics of the Flatiron Institute in 2018 April. Part of this research was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under a contract with the National Aeronautics and Space Administration. EEM acknowledges support from the NASA NExSS program. a Spectral types between parentheses were estimated from the absolute Gaia G-band magnitude.
Note-All measurements in this table are from Lindegren et al. (2018) , except for spectral types for which references are listed in Table 1 .
JG wrote the codes, manuscript, generated figures and led all analysis; JKF provided data on the Oh et al. (2017) members and general comments; EEM provided general comments, helped parse the literature and provide additional information on the members of VolansCarina, and provided help with the determination of the association name and reddening.
Software: BANYAN Σ .
